Abstract. In P2P network, there are a considerable proportion of free riders, which contribute nothing or little to the P2P system but obtain resources from the system. In order to address this problem, we present a utility-based auction cooperation incentive mechanism in the P2P network. Our approach is that before communicating with destination peer, the source peer first demands peers to auction their utilities, and then select the maximum utility as its destination peer, and gives some benefit to it, at the same time, gives some punishment to the liars. By using this mechanism, the more the peers contribute to the system, the more utility the peers can obtain, and therefore, the more benefits the peers can gain from the system. The experiment results show that the incentive mechanism assures the justice of gaining benefits for different kinds of peers in the system, and hence, controls the free riders effectively, and improves the whole performance of the P2P network.
Introduction
In most P2P network, the incentive mechanism is lacked for promoting the peers to contribute more resources to the system. It results in more and more peers in the P2P system do nothing for the system but gain more benefits from the system. This kind of peers is called free riders [1] . The so called free riders are those peers who themselves do not supply any resources to the system but can obtain resources from the P2P system. The data in [2] shows that, in Napster system, about 40 -60% of the peers share only 5 -20% of the shared files, and 20-40% of peers share little or no files. In Gnutella system, as high as 25% of the peers do not share any files. Furthermore, about 75% of the clients share 100 files or less, whereas only 7% of the clients share more than 1000 files. The fact illustrates that in spite of claim that every peers is both a server and a client in the P2P system, a large percentage of peers rely on a small percentage of servers. Free riders can possibly obtain 20% of the maximum downloading rate in the BitTorrent [3] system. [4] proposes a rank-based peer-selection mechanism for Peer-to-Peer media streaming systems. The mechanism provided the incentives for the cooperation through service differentiation. The free riders are given limited options in the peer selection. If a free rider gets any chance for downloading, it can only receive a few pieces of the media with low quality. [5] adopts ideas from Game Theory to study the interaction of strategic and rational peers, and proposes a differential service-based incentive scheme to improve the system's performance. [6] describe a simple Selfish Link-based Incentive(SLIC) mechanism for the unstructured P2P file sharing systems. It creates an incentive model for exchanging service better. In this model, the peers can encouraged to share more data, and give more capabilities to handle other peers' queries, as well as establish more connections to improve the P2P overlay network. In this paper, we present a new and challengeable incentive mechanism based on utility, which is different from the mechanisms involved above. By using the mechanism, the more the peers contribute to the system, the more utility the peers can get, and consequently have more chance to win in the system and obtain more benefits. At the same time, it can promote more peers to do their best to contribute to the system, and control the free riders effectively. The remainder of the paper is organized as follows. In section 2, the free riders of the BitTorrent system are analyzed. In section 3, a utility-based auction cooperation incentive mechanism in P2P network is presented. The performance analysis and simulation results are depicted in section 4. Finally, conclusion are made in section 5.
Free Riders in BitTorrent
The idea of optimistic unchokingin BitTorrent's choking algorithm [7, 8] shows that, at all times, a BitTorrent peer has a single 'optimistic unchoke', which is unchoked regardless of the current download rate from it. According to this, free riders can get an opportunity not uploading but downloading. Therefore, "optimistic unchoking" algorithm is unfair for the modem-like peers, the reason is that though this kind of peers do their best to contribute to P2P system, each peer keeps connection with the peers providing maximum uploading, thus, they obtain benefits from the system through optimistic unchoking for a period of time, and the chance for obtaining the benefits is the same as free riders. If free riders are the ADSL-like peers, the benefits they obtained is n times the size of that of modem-like peers, where 7 ≥ n . In BitTorrent system, there are three kinds of peers we discuss, they are respectively ADSL-like, modem-like, and free riders (assume that they are ADSL-like peers). According to the different number of peers and the different proportion of three kinds of peers in P2P system, we discuss respectively the download process of three kinds of peers. Here, assume that the uploading velocity and downloading velocity of three kinds of peers are respectively as follows, for free riders, the former is 0KB/s, and the latter is 64KB/s; for modem-like peers, both of them are 7KB/s; and for ADSL-like peers, they are both 64KB/s. In addition, assume that the size of files downloaded by all peers in P2P system is 10MB. During the downloading, peers leave the system with a probability of Normal distribution ) , ( In this experiment, assume that the total number of peers is 50. Among them, the number of free riders is 10, and the number of ADSL-like peers and Modem-like peers are both 20. According to the idea of optimistic unchoking in BitTorrent system, the download process of three different kinds of peers can be seen from figure 1. Here, all of the peers start to download at the same time and the initial values are zero. In figure 1 , it can be seen that before free riders have finished downloading, the total data downloaded by free riders is always several times as much as that of modem-like peers at the same moment. Obviously, it is unfair for the modem-like peers trying their best to contribute to the system.
Experiment 2
Assume that the total number of peers is 280. Among them, the number of free riders is 80, and the number of ADSL-like peers and Modem-like peers are both 100. According to the idea of optimistic unchoking in BitTorrent system, the download process of different kinds of peers is shown as figure 2. The time that ADSL-like peers have finished downloading is 10,600s, and the total data downloaded is 1.024E6 KB; the time needed by free riders is 10,400s, and the total data downloaded is 819,200 KB; the time needed by modem-like is 16,600s, and the total data downloaded is 990,208 KB. 
N
Normal distribution, and this leads to the total data downloaded less than 100x10 MB when they have finished downloading. Similarly, from figure 2, it can been that before free riders have finished downloading, the total data downloaded by free riders is several times as much as that of modem-like peers at the same moment. Obviously, it is unfair for the modem-like peers trying their best to contribute to the system.
Experiment 3

Fig.3. The throughput of the two different systems
Assume that the number of peers is 280 in the two different P2P systems. In one system, there are 80 free riders, 100 ADSL-like peers, and 100 modem-like peers; and in the other system, there are 180 ADSL-like peers, and 100 modem-like peers. The difference between system 1 and system 2 is that system 1 has more 80 ADSL-like peers providing uploading than system 2 has. Figure 3 describes the throughput of the two different systems. During the initial 1000 seconds, the throughput in system 2 is far more than that in system 1. Next, the throughput in the two systems is more nearer, it shows that some peers in system 2 would only provide uploading after they have finished downloading. When the downloading time reaches 11,700s, the throughput in system 2 closes to zero, at the moment, system 2 has finished downloading. However, the download process in system 1 has to persist 16,600s. The end of download process in system 1 has later 4,900s than that in system 2, the reason is that what free riders only do is downloading but not uploading, it obviously affects the whole performance of P2P network.
Utility-based Auction Cooperation Incentive Mechanism
In this section, we discuss a utility-based auction cooperation incentive mechanism in P2P network to resolve the questions described above. The purpose of this incentive mechanism is that the more peers contribute to the system, the more utility the peers can get, and this makes them win in the competition, and consequently obtain more benefits, at the same time, those peers who are cheating during auctioning will be punished. Assume that all peers in P2P system share the same file, namely, the homogenous P2P network (here, the homogenous P2P network means that all peers which share the same file compose of a P2P network). Assume that there are N peers in P2P network, they are respectively 
is the cost paid by a peer for uploading or downloading a piece; ) ( j D denotes the size of resource that peer i P contributes to peer j P .
Likewise, when a peer supplies resource to many peers in the system, the benefit that the peer obtains is assumed as 
are zero, namely, peers not only upload nothing, but also download nothing. In P2P network, the communication between peers is classified as two kinds, one is the direct communication between peers, such as the communication after searching through Gnutella protocol; the other is the communication between peers through a few intermediate transmitting peers, such as in Ad Hoc network. We analyze respectively the incentive mechanism between peers for the two situations involved. .
The incentive mechanism on the direct communication between peers
A source peer downloads directly data from many destination peers is the same as many source peers download directly data from a destination peer. Here, we consider only the former. Before communicating with destination peers, the source peer firstly demands destination peers to mark their utilities when they participate in this competition, they are respectively
, which is used to win in the competition and finally communicates with the source peer. Initially,
are all zero, and the source peer decides to select the superior destination peer to communicate with it according to the uploading velocity which the destination peers provide. In order to promote more peers to contribute to the P2P system, it needs to give rewards for the peer supplying the sharing resource, and it is assumed as ) (i R , where, ) (i R is the difference value between the maximum utility max U and the hypomaximum utility ' max U , that is:
At the moment, the utility )
, it shows that the peer wins in the competition is an dishonest one. In order to win the competition, the peer deliberately bids up its utility ) (i U , and consequently makes its utility be higher than the actual maximum utility max U among the destination peers. According to (4), the actual rewards it obtained is minus, thus, the source peer won't communicate with it, and gives it corresponding punishment, namely, subtracts the utility ) (i U of peer from ) (i R , thus, the utility
, it shows that the peer wins in the competition is an honest one, thus, the source peer will communicate with it, and the utility ) ( ' i U of the destination peer can be given by
In addition, the utility
When the source peer and the destination peers all have new utilities, they begin to enter into next competition. In wireless network, the communication between two peers maybe need one or more intermediate transmitting peers, in order to promote more peers contribute to the P2P system, the utility auction are used to select the optimal path during the router selection. We adopt the P2P searching protocol to find all destination peers, and form a network topology. Here, we consider the source peer downloading from destination peers, and the router selection process starts from destination peers, the concrete algorithm describes as follows: (1) At first, the destination peer demands its adjacent peers to mark their utilities when they participate in this competition, they are respectively
The incentive mechanism on the communication between peers through intermediate transmitting peers
, which is used to win in the competition and finally communicates with the destination peer, and the process of competition is described in section 3.1. Assume that the winner of this competition is j P , and it is also used as the source peer in the next competition. Because the intermediate transmitting peers upload data, and at the same time they download data, therefore, the costs of both of them are counteracted. The utility of j (2) The process of the peer j P selecting the next optimal peer is the same as (1) , that is to say, peer j P selects the maximum utility peer as transmitting peer from its adjacent peers, and the peer will obtain some rewards as a return, and then place it to the optimal router set V; (3) Repeat the process (2), and place all the peers which are up to the mustard into the optimal set V, until the source peer is reached; (4) The set V is the optimal path from the source peer to the destination peers.
Performance Analysis and Experiment Results
In this section, to those different scenarios described in section 2, we analyze the differences in each scenario before and after the incentive mechanism is applied. Where, we only consider the direct communication among peers. The download processes of different types of peers are shown in figure 4 and figure 5 . Fig.4 . The download processes of three types of peers in the system with 50 peers before and after the incentive mechanism is applied
In figure 4 , the download processes of 50 peers (among them, 10 are free riders, 20 are modem, and 20 are ADSL) are described before and after the incentive mechanism is applied. After the incentive mechanism is applied (denoted by 0-20-20 in figure 4 ), the free riders have not obtained any utility during the competition, since they have not made any contribution to the system. Therefore, during the whole downloading, the data quantity received by the download processes of ADSL-like peers and modem-like peers have changed greatly. For the ADSL-like peers, the download time decreases from 1400s to 1000s after the utility-based incentive mechanism is adopted. And for the modem-like peers, the data quantity used the incentive mechanism is always more than that without using the incentive mechanism. The reason for such phenomena is that only ADSL-like peers and modem-like peers participate in the competition during the downloading after the incentive mechanism is applied. Because the upload rate of ADSL-like peers is ) 7 ( ≥ n n times as much as that of modem-like peers, ADSL-like peers obtain greater utility value than that of other peers and have more chance to win in the competition. Hence, the time used for downloading is shorter. At the beginning, only when modem-like peers do not compete with ADSL-like peers for the same data, they have the chance to win. When ADSL-like peers have finished downloading completely, only modem-like peers alone exist in P2P system. Thus, compared with before the incentive mechanism is applied, the total data downloaded by the modem-like peers has increased evidently, and during the downloading, the leaving probability of modem-like peers decreases obviously. When the system download process finished, the total data downloaded by modem-like peers is nearly up to 200MB. In figure 5 , the download processes of 280 peers (among them, 80 are free riders, 100 are modem, and 100 are ADSL-like peers) are described before and after the incentive mechanism is applied. After the incentive mechanism is applied (denoted by 0-100-100 in figure 5 ), the total data downloaded by the free riders always keeps zero during the whole downloading. Before the incentive mechanism is adopted, the time that ADSL-like peers have finished downloading is 10,600s. However, after the incentive mechanism is applied, the time decreased to 3,400s, which is less than one third than that before. And for the modem-like peer, before the incentive mechanism is applied, the time needed to finish downloading is 16,600s and the total data downloaded is 990,208KB; after the incentive mechanism is applied, the time needed is 9,200s and the total data downloaded is 1,024,000KB. From figure 5 , it can be seen that during the initial period of download, the total data downloaded by ADSL-like peers occupies a high percentage, while in the same processes, the data downloaded by modem-like peers occupies a lower percentage.
When all the ADSL-like peers finish downloading, the number of the seeds in the P2P system increases accordingly. Meanwhile, only modem-like peers alone participate in the competition in the system, thus, the total data downloaded by modem-like peers rises sharply. When all the modem-like peers have finish downloading, the total data downloaded is nearly up to 100x10MB.
Conclusion
According to the idea of optimistic unchoking of BitTorrent, the free riders in the P2P system have the same chance for obtaining the benefits as other modem-like peers, it is unfair for the modem-like peers who do their best to provide maximum uploading velocity for the system. In this paper, we first discussed the two scenarios on the download process of three different kinds of peers, and the simulation results show that the free riders affect not only the downloading time but also the total data downloaded for other peers. Based on the discussion, a utility-based auction cooperation incentive mechanism in P2P network is then proposed. By using this mechanism, the more the peers contribute to the system, the more utility the peers can get, and consequently they have more chance to win in the system, and obtain more benefits. This mechanism can control the free riders effectively, and avoid the peers' vicious deed. The simulation results demonstrate that the performance of ADSL-like and modem-like peers is improved obviously after adopting the proposed incentive mechanism, which assures the justice of different kinds of peers. And this mechanism can promote more peers to do their best to contribute to the system, and act as servers, and it can improve the whole performance of P2P network.
